L-para-boronophenylalanine-10
micronucleation and apoptosis using immunofluorescence staining 37 38 for BrdU. The response of pimonidazole-unlabeled tumor cells was 39 40 assessed by means of apoptosis frequency using immunofluorescence 41 42 staining for pimonidazole.
44
Results: Following -ray irradiation, the pimonidazole-unlabeled 46 47 tumor cell fraction showed significantly enhanced 48 49 radio-sensitivity compared with the whole tumor cell fraction more 50 51 remarkably in the Q than total cell populations. However, a 52 53
significantly greater decrease in radio-sensitivity in the 54 55
pimonidazole-unlabeled cell fraction, evaluated using a delayed 56 57 assay or a decrease in radiation dose rate, was more clearly observed 58 59 among the Q than total cells. These changes in radio-sensitivity pimonidazole-unlabeled cells more clearly in the Q than total cells. 8 9
Conclusions: The radio-sensitivity of the pimonidazole-unlabeled 10 11 cell fraction depends on the quality of radiation delivered and 12 13 characteristics of the 10 B-carrier used in BNCR.
14 15
Advances in knowledge: The pimonidazole-unlabeled sub-fraction of 16 17 Q tumor cells may be a critical target in tumor control. as established experimental animal tumor lines [1] . The presence 11 12 of Q cells is probably due, at least in part, to hypoxia and the 13 14 depletion of nutrition in the tumor core as a consequence of poor 15 16 vascular supply [1] . As a result, with the exception of non-viable 18 19 Q cells at the very edge of the necrotic rim where there is 20 21 diffusion-limited hypoxia, Q cells are viable and clonogenic but 22 23 have ceased dividing. to conventional radio-and chemotherapy [2] . The Q cell population 34 35 has also been demonstrated to have greater capacity to recover from 36 37 radiation-and chemotherapeutic agent-induced damage and to have 38 39 a significantly larger hypoxic fraction (HF) irrespective of the 41 42 p53 status of tumor cells [2] . However, the Q cell population in 43 44 solid tumors has never been shown to be fully hypoxic [2] . Actually, 45 46 the size of the HF of Q cell populations in SCC VII squamous cell 48 49 carcinomas, implanted in the hind legs of C3H/He mice and with a 50 51 diameter of 1 cm, was 55.1 ± 6.2 (mean ± SE) % [3] . Thus, this value 52 53 was significantly less than 100 %, indicating that the Q cell (MAb1) to stable covalent adducts formed through reductive 4 5 activation of pimonidazole in hypoxic cells [4] . Here, we tried 6 7 to selectively detect the response of the pimonidazole-unlabeled 9 10 and probably oxygenated cell fraction of the Q cell population.
12
To achieve this we combined our method for selectively detecting 13 14 the response of Q cells in solid tumors with the method for detecting 16 17 cell and tissue hypoxia using pimonidazole and MAb1 to pimonidazole. reports on the biological advantages of charged particle beams are 52 53 based on effects only on total tumor cell populations as a whole 55 56 using in vitro cell cultures or in vivo solid tumors [1, 5] . radiation effects and evokes major concern related to the dose-rate 11 12 effect. Thus, there is a need to clarify the effect of a reduction 13 14 in dose-rate on the radio-sensitivity of tumors in vivo. 16 17 In the present study, the radio-sensitivity of the 18 19 pimonidazole-unlabeled cell fraction of the Q cell population, 20 21 following cobalt-60 -ray or 290 MeV/u accelerated carbon ion beam 36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58   Pimonidazole-unlabeled quiescent cells and high LET radiation/Page 6   57  58  59  60  61  62  63  64  65 After the labeling with BrdU, tumor-bearing mice received an intraperitoneal administration of pimonidazole hydrochloride University) derived from C57BL/6J mice were maintained in vitro 10 11 in RPMI 1640 medium supplemented with 12.5 % fetal bovine serum. with gold activation foil for the neutron-sensitivity correction.
5
The details have been described previously [12] . For the estimation 6 7 of neutron energy spectra, eight kinds of activation foil and 8 9
fourteen kinds of nuclear reaction were used [12] . The absorbed 10 11 dose was calculated using the flux-to-dose conversion factor [13].
13
The tumors contained H (10.7 % in terms of weight), C (12.1 %), cultures were then trypsinized and cell suspensions were fixed. The clonogenic cell survival assay was also performed in mice 46 47 given no BrdU or pimonidazole using an in vivo-in vitro assay method. vivo-in vitro assay method was performed with the culture medium The plating efficiency and the micronucleus and apoptosis 4 5 frequencies after a radiation dose of 0 Gy are shown in Table 1 .
The micronucleus and apoptosis frequencies were significantly 8 9
higher for the Q cell population than for the total cell population.
10 11
In contrast, the apoptosis frequency was significantly lower for 12 13 the cell fraction that was not labeled with pimonidazole than for 14 15
the whole tumor cell fraction in both the Q and total tumor cell 16 17 populations. 19 20 Cell survival curves for the total tumor cell population as a for the Q cell population increased in the following order: without 10 11 a 10 B-carrier < with BPA < with BSH.
12 13
For another baseline correction, we used the net apoptosis 14 15 frequency to exclude the apoptosis frequency in non-irradiated 16 17 tumors. The net apoptosis frequency was the apoptosis frequency 19 20 in the irradiated tumors minus that in the non-irradiated tumors. To evaluate the radio-sensitivity of the cell fraction that was 4 5
not labeled with pimonidazole, as compared with the whole cell 6 7 fraction in both the total and Q cell populations, dose-modifying 8 9
factors (DMFs) were calculated using the data obtained under -ray 10 11
and carbon-ion beam irradiation conditions (Fig. 3, Table 2 ).
Overall, DMF values tended to be higher for the Q cell than total irradiation with a much larger difference for -rays than carbon-ion 19 20 beams. In the total cell population, the DMF values were almost irradiation with BPA and BSH in the total and Q cell populations 8 9
was compared with neutron beam irradiation only, using the data 10 11
shown in Figures 1 through 3 were lower for the sub-population that was not labeled with 48 49 pimonidazole as compared with the whole cell population (Table 6 ).
51
In BNCR, the DMF values increased in the following order: without 52 53
10 B-carrier < with BSH < with BPA ( showed significantly higher radio-sensitivity than the whole cell the Q cell population as a whole included a larger HF than the total 44 45 tumor cell population [2] . As shown in the unlabeled cell fraction in the total tumor cell population 55 56 (Table 6) . Therefore, whether in the pimonidazole-unlabeled or the In the present study, the pimonidazole-unlabeled, and probably oxygenated, cell fraction showed a greater recovery capacity than the Q cell population as a whole. However, although there is is employed (Table 7 ) [1, 2, 20] . Thus, more Q cells can survive BNCT 52 53 than P cells (Figs. 2 and 3, Table 7 ).
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